There are an increasing number of veterans in the United States, and the current delay and wait times prevent Veterans Affairs institutions from fully meeting the needs of current and former service members. Concrete strategies to improve throughput at these facilities have been sparse. OBJECTIVE To identify whether lean processes can be used to improve wait times for surgical procedures in Veterans Affairs hospitals. DESIGN, SETTING, AND PARTICIPANTS Databases in the Veterans Integrated Service Network 11 Data Warehouse, Veterans Health Administration Support Service Center, and Veterans Information Systems and Technology Architecture/Dynamic Host Configuration Protocol were queried to assess changes in wait times for elective general surgical procedures and clinical volume before, during, and after implementation of lean processes over 3 fiscal years (FYs) at a tertiary care Veterans Affairs medical center. All patients evaluated by the general surgery department through outpatient clinics, clinical video teleconferencing, and e-consultations from October 2011 through September 2014 were included. Patients evaluated through the emergency department or as inpatient consults were excluded.
T he Veterans Health Administration (VHA) is the largest integrated health care network in the United States, providing a unique system of health care delivery and access to 9 million veterans. 1 However, it has come under increased media scrutiny over the past 2 years for delays in scheduling, lengthy patient wait times, and lack of access.
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The US Department of Veterans Affairs (VA) has seen a steady increase in the number of enrollees and use of health care services over the past decade, 1,2 causing strain on the existing systems, with increasing demand from aging Vietnam war-era veterans as well as younger veterans from recent conflicts. Outrage over unacceptable patient wait times and access problems prompted the passage of the Veterans Access, Choice, and Accountability Act of 2014, [9] [10] [11] which formed the Commission on
Care to evaluate the way in which the VA provides care and make short-and long-term recommendations to increase effectiveness and efficiency within the system. This commission's report in September 2015 12 found a significant gap between demand and product delivered as well as uneven operations and processes. 3 The Richard L. Roudebush Veterans Affairs Medical Center is a busy tertiary care referral center within the VA, serving more than 60 000 patients with a catchment radius of 200 miles. By fiscal year (FY) 2012, increasing patient wait times for surgical procedures prompted collaboration between the surgery service and systems redesign service to improve wait times, reduce systemic inefficiencies, and improve patient satisfaction through the enactment of lean processes. A multidisciplinary group composed of surgeons, nurses, operating room (OR) staff, administration, and lean experts met to conduct a value stream analysis (VSA) in 2013, which identified inefficiencies and formulated strategies to improve interdepartmental and patient communication as well as to reduce canceled consultations and cases, diagnostic reworks, and clinical no-shows, with the goal of enhancing patient access and reducing wait times. The VSA identified multiple problem areas that could be addressed through smaller committees and projects as well as metrics to assess the results of these projects. The general surgery department was selected to roll out pilot reforms, which were implemented in mid-FY 2013.
The objective of this study was to evaluate the effectiveness of these pilot projects at decreasing patient wait times and improving scheduling efficiency and access. We also critically examined the processes used in this project to make such a process replicable in VA facilities across the country.
Methods
A committee comprised of representatives from the surgery service, including surgeons, case managers, OR leadership, and sterile processing personnel, began mapping a value stream with guidance from systems redesign staff in January 2013. The current state of patient care was diagrammed from referral to scheduling, operation, perioperative care, follow-up, and discharge from surgical clinics. Inefficiencies, delays, communication breakdowns, and rework were mapped at multiple points of the value stream map to identify waste and areas for improvement. The committee then diagrammed a lean, idealized version for the anticipated future state and what would be needed to achieve it.
Per VHA policy, Handbook 1200.05, Appendix A, the article presents information that involves the collection or study of existing deidentified data and therefore does not require informed consent or institutional review board approval.
Primary Areas of Improvement for Rapid Experiments
Specific improvements included standardizing preoperative anesthesia referrals and triage of patients for surgical procedure scheduling, restructuring consultation methods and service agreements, improving interdepartmental communication, increasing patient communication, facilitating transportation and lodging for distant patients, and standardizing work across surgical subspecialties (Figure 1) . Improvements in these fields were assessed for ease in implementation and time required to complete and were classified as "just do its" (JDIs), rapid process improvement workshops (RPIWs), or projects for simple, mid-range, and complex solutions. Hypotheses were generated regarding the effect of improvement on wait time, cost, patient/staff satisfaction, and organizational efficiency.
Key Points
Question Can lean processes be used to improve patient wait times for surgical procedures in Veterans Affairs hospitals?
Findings In this systematic review of institutional wait list data from fiscal years 2012 to 2014, the implementation of lean system redesigns was associated with a significant and sustained wait list reduction from 33.4 days to 12.0 days for patients waiting for elective general surgical procedures.
Meaning Multidisciplinary system redesigns using lean principles may decrease patient wait times by addressing and correcting systemic inefficiencies. 
Targeted Metrics of Improvement
Through the VSA, 4 crucial areas of improvement were found to be consultations, clinic appointments, OR use, and discharge events (Table) . These were further broken down into subcategories. Furthermore, baseline parameters were identified for each of these metrics using databases in the Veterans Integrated Service Network 11 Data Warehouse, VHA Support Service Center, and Veterans Information Systems and Technology Architecture/Dynamic Host Configuration Protocol. For example, the baseline for percentage of canceled consultations was 24%, and a 25% decrease was established as the goal.
Rapid Experimentation Projects
The VSA generated numerous JDIs and RPIWs between February and June 2013. Service agreements between the general surgery department and referring services were revised with computerized consultation templates outlining necessary preoperative workup to reduce diagnostic rework. Telehealth remote clinic visits and e-consultations were used to process patients prior to clinic visits. The division of labor for each team member (eg, case managers and medical support assistants) in the clinic was made consistent. No-show policies were also standardized. Changes to the process of scheduling surgical procedures involved having referrals complete computerized templates to ensure all necessary patient information was included before coming in for preadmission testing or the OR. Patients were tentatively scheduled using a webbased visual calendar rather than the existing text-based scheduling system to allow more flexibility and were only entered into the scheduling system 1 to 2 weeks prior to their surgical procedure. Additional telephone reminders for patient appointments were enacted within a week of the clinic or operative date to decrease no-shows and facilitate rescheduling. The OR enacted several RPIWs to increase the flexibility of surgical block time, especially for high-priority patients, and to create a liaison between sterile processing and OR personnel to eliminate equipment lags. The general surgery department, being the most active surgical service, was chosen to pilot the projects enacted by the VSA. Improvements learned in JDIs were implemented immediately, while more complex reforms from RPIWs and projects were rolled out stepwise. Committees continued to meet to review ongoing metrics, and projects were closed once goals had been achieved. Multiple databases were queried for analyses of outcomes per established metrics. Wait times for the general surgery department from clinic evaluation to surgical procedure were drawn from the Veterans Integrated Service Network 11 Data Warehouse. The VHA Support Service Center supplied clinic volume and no-show data. E-consultation, telehealth, and operative volume data were gathered by querying Veterans Information Systems and Technology Architecture/Dynamic Host Configuration Protocol. The period of FY 2012 through FY 2014 was selected because surgical staffing remained stable throughout this period.
Statistical Analysis
All variables were categorized as either categorical or continuous. All data were calculated using Microsoft Excel 2015 and SPSS Statistics version 15 (SPSS Inc). Continuous variables were compared using t test of means when 2 variables were compared or analysis of variables when more than 2 variables were compared. Categorical variables were compared using the χ 2 test. Statistical significance was set at P < .05.
Results
In FY 2012, mean (SD) patient wait times for elective general surgical procedures was 33.4 (8.3) days. In the first 8 months of FY 
Discussion
This study demonstrated a significant reduction in patient wait times for surgical procedures and an improvement in access in the clinical and operative settings when implementing lean processes. The improvement gained was noted over multiple areas and seen during the implementation of new technologies. The changes in the measured outcome categories occurred early, and the differences were sustained across the entire observation period.
Lean methods were first pioneered by Womack and Jones 13 in the 1980s as part of Toyota's manufacturing processes and have been used increasingly in the health care setting to eliminate waste and improve value. [14] [15] [16] [17] [18] [19] [20] Lean processes, as defined by the Lean Institute, are designed to maximize the value provided to the customer with minimal waste. Other key principles of the lean system are reducing waste throughout the entire value stream, reducing the time and resources required to generate services for customers, and enhancing the system's ability to respond to changes in the needs of the customer with fast throughput times. 13, 21 The VA system is fertile ground to benefit from the application of all of these principles. Budgetary restrictions in government spending toward the VA make low-cost but highly effective health care delivery a high priority for the VA. The high volume of patients seen by the VA in recent times coupled with a need to adapt to the widely varying "customer" volume correspond with lean principles. 22 Given its pioneering role in electronic medical record systems as well as the national connectivity between all of the different VA systems, 23 the application and execution of lean principles may be ideal for improving the efficiency of the VA system. With patient wait times in the VA achieving national prominence, lean methods may be helpful in reducing backlogs and streamlining inefficiencies in the VA system, as they have done in other areas of health care. [17] [18] [19] 24, 25 This study demonstrated that there were improvements in the volume of general surgery patients seen both in the clinic and the OR. Part of this improvement involves the adoption of e-consultations, which can be used as a formal form of communication between physicians, residents, and nurse practitioners within the electronic medical record. Primary care physicians often use e-consultations for focused questions or so specialists can answer a question that does not require direct patient interaction. In addition to the time flexibility for the parties involved, there is also a well-defined turnaround time of 72 hours. This, along with a decreased need for travel for straightforward questions, significantly decreases the backlog of wait times and improves patient satisfaction. This study also demonstrated that there was significant improvement in the use of CVT. 26 The VA system pioneered the implementation of this technology, and it is used for pre-and postoperative assessments and patient education. [26] [27] [28] Ostensibly, this supports reducing wait times, given that it eliminates a large number of unnecessary clinic visits and travel times. A recent audit of the system demonstrated that there were missed opportunities to capitalize on the available infrastructure and only a limited annual growth (13%) of noninstitutional care patients using CVT. 27 The improvement in the e-consultation and CVT visits shown in this study were much more dramatic, and between FY 2013 and FY 2014, there was a 100% increase in the number of patients seen on CVT. Clinical video teleconference visits were added to existing clinic days, obviating the need for a separate clinic. A combination of eliminating unnecessary faceto-face encounters and increasing CVT visits also had the welcome benefit of reducing the clinic no-show rates. This further frees clinic appointments to accommodate additional patients and reduces the economic burden on the system 24, 25, 29 and patient wait times. As these are still newer processes, 28 additional studies to specifically identify best practices to improve their use will be critical to improve efficiency in the system. Implementing lean methods in a VA institution can be a complex undertaking, and for services new to the process, it is necessary to enlist guidance from experts in Lean Six Sigma. Our institution established a systems redesign service in the early part of the decade, and numerous departments have worked with it to effect change via lean methods in a cost-neutral manner. In the recent past, many authors have analyzed the factors that underlie the systematic inefficiencies that are inherent to the VA system. [6] [7] [8] Some have even suggested wide-sweeping reforms that may involve a complete redesign of the system. 8 The VA has long sought to improve its wait times, 6, 7, 30, 31 and this study demonstrated that a significant decrease in wait times is possible within the VA by analyzing systemic inefficiencies via lean methods, targeting wasteful processes for improvements, creating well-defined and realistic targets, and measuring outcomes of specific improvements. Not only is this approach far more costeffective than a complete system redesign but it also capitalizes on the inherent strengths of existing VA infrastructure. This study has several limitations. First, the study only addressed a few factors that were monitored over 3 fiscal years. Additional years may need to be studied before long-term results can be validated. Furthermore, although there were no changes in the number of surgeons during the period of the study, 1 OR was shut down during 2014, resulting in the loss of block time. This confounded the results to some extent; however, operative volume remained higher than baseline from FY 2012. More importantly, access improvements were sustained for more than a year. Prospective and multi-VA center studies that study these and other end points will likely be needed to validate these results on a larger scale, but common patient electronic information systems and similar national database architecture make these easier than similar non-VA studies.
We learned several lessons that can be applied to any system that may seek to replicate these processes to eliminate waste and improve efficiency. Conducting a VSA is a lengthy, time-consuming process fraught with disagreement among Clinical video teleconferencing
